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• I 

For  the  otirpose  of  evaliMitlag  the  resistance  of  Materlale  to  the 
therroal  radiation  of  atonic  eqploalpnS)  the  oritl<^  therttH  Energies  of 
shTeral  4urtalh  nat«rlale«  selSc^uy  prapaz^d  ina  subbittied  by  the 
Ifright  Air  Detelopnant  Center*  i«re  dsteniiiASd,  Seivf|rhl  p^aast<<(>r8  of 
Inportande  to  the  inmediate  problen  were  studied,  including  changes  in 
irradiance,  the  effect  of  soiling  and  the  fabric  before  eoq>oenre,  the 
effect  of  cleaning  following  soiling,  and  the  effect  of  prerloue  eopoeure 
to  approxlAately  75  per  cent  of  the  exposures  required  to  obtain  initial 
radiation  effects,  and  the  Influence  of  the  degree  of  bleaching  of  the 
fabrics.  It  was  found  that  the  crltioal  thermal  energies  were  greater 
for  exposures  at  a rate  of  applleatlon  of  energy  of  20  cel/cai^see  than  at 
a rate  of  application  of  65  cal/pi^eec*  In  general,  soiling  caused 
a decrease  in  resistance  to  thermal  radiation,  although  the  silicone 
rubber  on  glass  cloUi  showed  the  opposite  trend.  The  effects  of  pre- 
exposure  were  only  mpderats.  The  10  per  cent  bleaching  process  was  most 
effeotlve  in  Increasing  resistance  to  thermal  radiation  and  the  greatest 
resluvancs  was  found  on  the  1U*7  os,  cotton  duck  with  this  bleaching. 
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ADflKISTRiUriVE  IHFOSifAnOH 

1*  This  investigation  ms  request^  by  Wright  Air  Dovelopaent  Center 
letter  WCBTT-1  of  1 Karch  195U  and  constitutes  part  of  the  prograa 
initially  proposed  by  Cwnandar}  Hev  York  Naval  Shipyard,  Confidential 
letter  S99/L5,  Ser  960-92  of  lU  Ifarch  1950  and  foraally  approved  by 
Bureau  of  Ships  speedletter  S99(0)(3U8),  Ser  3U8-7>,  of  6 IprU  1950, 

The  general  Themkl  Radiation,  program  at  the  Naval  naterial  Laboratory 
is  under  the  superviaion  ef  liie  kem^  Fbrcee  Special  Weapons  Project* 

2*  The  studies  r^iorted  herein  were  planned  and  exeeiited  under  the 
svpervlaion  of  T*I»  Ifonahan,  Head  of  the  Optics  Section. 

IMTRODDCnOM 

3*  As  part  of  its  general  program  on  the  effects  of  the  thermal 
radiation  of  atomic  e3q[>lesioa8,  the  Naval  Material  Laberatojy  is 
evaluating  the  characteristics],  under  eoqposurs  to  intense  thermal 
radiation,  of  the  various  materials  of  particular  interest  to  the  several 
agencies  ef  the  Departatent  of  Defense*  As  data  becosM  available,  these 
findings  are  published*  Reported  belsv  are  the  critical  therr/  tl  eaerglM 
of  curtain  materials  which  were  submitted  by  the  Wright  Air  Developtaent 
Center*  These  curtalme  are  Intended  to  be  drawn  across  cockpit  windows 
in  erdar  to  shield  aircraft  personnel  against  Ihe  intense  thermal  radia» 
tlon  attending  aadear  detonations* 

BQUIFKSHT  AND  RSTH0D6 

U*  The  critical  hibernal  energies  of  the  fabrics  were  determined,  am- 
pleylng  the  Naval  Material  Laboratory  oarbon-tfc  source  of  thermal 
radiation*  The  sdurca  cor^sists  af  an  U-am  c^sc  arc.  mounted  at  the 
feeus  of  a reflector  which  collimates  the  aBitted  energy*  A second 
mirrerp  which  is  mounted  oosxlelly  et  e distance  of  twelve  feet  from  the 
eelliautorf  condenses  the  radiation  te  the  mirror's  focus*  Qradetlens 
of  thermal  damage  are  obtained  by  varying  the  effective  eoqposure  time 
by  accelerating  a 1x8  inch  speoimeB  transversely  ttrough  the  focus*  The 
earben  are  furnishes  an  irradlance  of  85  cal/em^sec*  over  a central  area 

4 4m  4>Kee  mm 

«Test  Code  A"  by  WADC,  the  five  fabrics  were  also  aocposed  at  20  and 
U2  eal/om^sec,  which  were  adiieved  through  the  use  of  attanostlng  screens* 
Tw  the  second  ***^  thij^  phssss  of  ths  rss*K?<^p  Test  oedm  n and  c**  fom?' 
fabrics  were  soqposedp  after  having  been  soiled  artlfically  and  after  hav- 
ing beam  aoiled  and  then  cleaned*  The  soiling  and  dsaning  cxpsrimsnte 
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co.uuuctcu  ttt  *rig/it  Air  DeT<tlopraent>  Center,  In  tr»  fottftJi  phasey  i 

•♦Test  Code  D",  fc'er  fabrics  were  cocposed  after  ba-ving  been  irradiated 
by  a txjtal  energy  approximately  75  per  cent  of  that  required  for  initial 
destruotioii  effects.  In  the  last  phase,  "Test  Code  Ej"  one  of  the  fabrics^ 
the  2-h»7  oz  cotton  duckj  was  evaluated  with  six  separate  stages  of 
blaaching(Oj,25j;50j,  ?5ylOOj|125  cent)  and  at  a rate  of  application  of 
energy  of  20^  U2j,  and  85  cal/CT^sec, 

RESU1,T55 

INFLUENCE  OF  IRIADIAHCE 

5#  The  data  c*f  Table  1 indicate  that  for  a rate  of  application  of  energy  I 

(iiTadiance)  of  ?0  cal/cm^secj,  greater  exposures  are  required  in  general  to 

cause  destructive  ejffects  on  the  materials  than  for  a rate  of  deliveiy.  of 

energy  of  85  cal/caw^sec,  it  reacf  be  concluded  that  a given  curtain 

mater-Alp  with,  the  cacceptioia  of  the  vinyl-coated  cotton,  aluiainized,  will 

give  adequate  protection  against  high-yield  nuclear  weapons  if  it  gives 

satisfactory  protection  against  low-yield  weapons,  such  as  the  vnoalnal"  bomb, 

6,  During  the  expoaureo  it  was  noted  that  the  initial  destructive  effects 
are  not  similar  for  all  irradiances.  After  charring,  all  the  fabrics 
ignite,  and  »rith  the  exception  of  the  cotton  duck,  flaiaeproofed  with  Pyroset, 
sijpport  eoxbustion  after  Irradiation,  The  glass  cloth  emits  dense  smoke  and 
large  sooty  particles  during  exposure.  This  material  and  the  asbestos  cloths 
are  the  most  resistant  to  the  Initial  effects  of  radiation, 

EFFECTS  OF  SOILING 

7,  The  •xpeTlmental  data  on  the  affects  of  soiling  are  only  qualitative,  since 
it  Is  impossible  to  control  the  degree  of  soil^g,  the  amount  and  thickness  of 
the  soiling  ssfeteriais,  Xn  addition,  it  Is  hapossible  tq  obtain  a hosogeBeous 
coating,  even  over  the  area  c-f  an  Indlvldun'i  specimen.  Initial  destructive 
effects  ixRdei-'  irradiaiiaT.  vwre  not  readily  dibsenilble  because  of  the  soiling, 

8,  in  3 the  U cases,  the  critical  thermal  energies  were  lowered  signifi- 
cantly by  the  soiling.  The  resia+auce  of  the  fourtli  material,  the  silicone- 
rvd}ber-on-glsss  cloth,  was  Increased,  but  it  was  noted  that  the  soil  coating 

'f.HAQA  5s*p!Lf52  sppXil^ci  "t-h*  I 

That  soiling  nay  increase  in  some  cases  and  in  others  decrease  the  thermal  { 

resistance  of  a material  Is  not  contradictory  sliice  the  size  of  soil  i 

parti ia  cri tics'  and  the  effective  color  and  absorptanee  of  the  I 

material  may  be  either  increased  or  decreased,  | 

I 
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EFFECTS  OF  SOILINQ  AKD  CLEAMIHG 

9.  The  IMtial  destructive  effects  on  the  materials,  first  soiled  and 
then  cleaned  prior  to  Irradiation,  with  the  exception  of  the  vinyl-coated 
cotton,  occurred  at  radiant  exposures  considerably  lower  than  those  for 
the  corresponding  new  cloths.  The  destructlen  under  Irradiation  of  the 
nsbeston  and  cetton  dock  materials,  soiled  and  cleaned,  occurred  at 
lever  radiant  exposures  than  for  the  oorx^spondlng  new  cloths,  but  at 
higher  radiant  esposures  in  the  case  of  the  sUicone-rubber-on-glass- 
cloth  specinens. 

EFFECTS  OF  PREVIOUS  ETPOSURE  TO  RADIATION 


10,  Twenty-fonr  hours  prior  to  the  final  exposures,  the  fabric  specinens 
were  conditioned  at  the  Naval  Material  Laboratory  by  ezfoslng  that  to 
the  caibon-arc  source  of  radiation  at  an  Irradianca  of  85  cal/cn^see. 

It  has  been  reoonmended  that  the  materials  be  exposed  te  a total  Huz 
approximately  75  oer  cent  of  the  flux  required  to  cause  Initial  des- 
tructive effects  on  new  materials.  Because  this  procedure  would  Invelvn 
complex  and  tlme-consming  instrumantatlon,  the  initial  exposures  were 
nade  at  total  flux  values  idilch  could  be  obtained  conveniently.  The 
radiant  exposures  for  the  Initial  exposures  and  the  critical  radiant 
exposure  values  far  the  final  exposures  are  given  in  Table  1, 

11,  The  critleal  thenaal  energy  for  initial  destructive  effects  on 
Asbesten  prevloijtsly  irradiated  by  8.0  cal/oa^.  Is  8,8  cal/cm^,  in  contrast 
with  the  critical  radiant  exposure  of  18  cal/cn^  for  new  Aabeston  doth. 
Following  an  Initial  radiant  exposure  of  10,0  cal/cn^,  it  required 

18  cal/cm^  to  char  the  Asbeston,  the  sane  total  energy  reqpiired  to  char 
new  Asbeston, 

12,  The  sill.cona-in]bber-on-glass  cloth  required  18  cal/ga^  te  produce 
initial  destructive  effects,  even  after  a previous  esqposure  of 

9,0  cal/cn^.  The  first  e^qposures  ef  the  vinyl-coated  cot;tom  amd  the 
bleached  cotton  duck  had  ne^gible  effect  om  the  M:ril3i£kr'themal  energies 
af  these  materials. 
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EFFECT  OF  DIFFKREHT  DEGREES  OF  BLEACHINQ 

13,  The  nnbleached  fabric  was  considerably  less  resistant  than  axif  of 
the  bleached  speclstens.  The  eeTeral  degrees  of  bleaching  gave  sab** 
stantially  the  sane  aaoxint  of  protection. 


« 


CONCLUSION 

Uir  The  results  of  this  Investigation  are  briefly  suBtaarized  as  follows: 

a.  The  critical  energy  required  to  prodhice  a specific  danags  on  a 
curtain  material  Increases  if  the  irradlance  decreases  fron 

8$  to  20  cal/cB^sec, 

b.  In  general,  soiling  of  curtain  naterials  will  cause  a decrease 
of  their  resistance  to  thensal  radiation.  This  is  alse  true, 
although  to  a smaller  extent,  after  cleaning  of  these  materials. 
However,  the  silicone  rubber  fabric  on  glass  cleth  Aewed  the 
apposite  trend  and  emitted  dense  smeke  and  sooty  patricles 
during  szposure. 

c«  Of  the  investigated  fabrics  the  greatest  resistance  to  tbennal 
radiation  was  shown  by  the  untreated,  lli,7  •*,,  bleac&uHl 
cettom  duck. 

d.  In  most  case^  the  effects  of  pre-exposure  were  only  moderate. 
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Chief  Signal  Officer,  D/A,  P?tO  Div,  Washington  25,  D.C.  ATTN:  SIGOP  3 

The  Surgeon  General,  D/A,  Washington  25,  D.C. , ATTN:  Chairman, 

Med  R&D  Board  1 

* 

Oiief  Chemical  Officer,  P/A,  Washington  25,  D.C.  2 

Office  of  the  Chief  of  Engineers,  Washington  25,  D.C.  ATTN:  ENGNB  3 

TOe  Quartermaster  General,  CBR,  Liaison  Office,  R&D  Div,D/A, 

Washington  25,  D.C.  2 

Chief  of  Transportation,  Military  Planning  & Intelligence  Div, 

Washington  25,  D.C.  1 

Chief,  Army  rield  irorces.  Ft  Hoiuoe,  Va.  U 

President,  Board. #1,  OCAFF,  Ft  Bragg,  NC  1 

President,  Beard  jfU,  OCAFF,  Bliss,  Texas  1 

Commander- in-Qiief,  FEOCM,  APO  500,  c/o  m San  FTancisco,  Calif. 

ATTN:  ACOFS  J-3  2 

I 


Commandant,  Command  & General  Staff  College,  Ft  Leavenworth,  Kansas 

ATTN:  ALLIS  (AS)  _ 1 

Conmaading  General,  Medical  Field  Service  School,  Brooke  Army 

Medical  Center,  Ft.  San  Houston,  Texas  1 

Direct.nr,  special  Weapons  Development  Office,  OCAFF,  Ft  Bliss,  Tex  1 

Oonmiandant,  Army  Medical  Service  Graduate  School,  Walter  Reed  Amy 

Medical  Center,  Washington  25,  D.C.,  ATTN:  Dept  of  Biophysics  1 

Commandant,  Chemical  Corps  School,  (3iemical  Corps  Training  Command, 

Ft  McClellan.,  Ala.  1 
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Coianandinp  ''sneral,  Research  & Engineering  Comand,  Army  Chanical 
Center,  Md.,  ATTN;  Special  Projects  Officer 


RD  Control  Officer,  Aberdeen  Proving  Grounds,  Md. , ATTN:  Director 
Ballistics  Research  Laboratory 


Conmanding  General,  The  Engineer  Center,  Ft  Bel voir,  Va., 
ATTN:  ASSt. Commandant,  Eng  Sdiool 


Coumanding  Officer,  Engineer  Research  & Development  Laboratory, 
Ft.  Belvoir,  7a.,  ATTN:  Chief,  Tech  Intelligence  Branch 


Conmanding  Officer,  Picatinny  Arsenal,  Dover,  New  Jersey, 
ATTN:  ORDBB-TK 


Conmanding  Officer,  F!rankford  Arsenkl,  Philadelohia  37,  Pa., 
ATTN:  RD  Control  Officer 


Conmanding  Officer,  Army  Medical  Research  Laboratory,  Ft  Enox,  Ky. 


Commanding  Officer,  Chemical  Corps  Chemical  & Radiological  Lab,, 
Army  Chemical  Center,  Md.,  ATTN:  Tech  Library 


Conmanding  Officer,  Transpcr  tation  RM)  Station,  jrt  Eustia,  Va. 


Direccor,  iecimioal  s Cent®’*;  Evans  Signal  Laboratory, 

Belmar,  N.J. 


Director,  Waterways  Experiment  Station,  PO  Box  63I,  Vicksburg,  Miss. 
ATTN:  Librarv  • 


Director,  Operations  Research  Office,  Johns  Hopkins  University, 
6I4IO  Connect.icut  Ave. , Chevy  Chase,  Md.,  ATTN:  Library 


Chiefs  ^ R&D  Lab.,  Philadelphia  QK  Depot,  2800  S.  20th  St., 
Philadelphia  U5,  Pa.,  ATTN:  Mr.  John  Davies 


NAVY 


Chief  of  Naval  Operations,  D/N,  Washington  25,  D.C.,  ATTN:  OP-36 
Chief  of  Naval  Operations,  d/N,  Washington  25,  D.C.,  ATTN:  0P-37U(0EG) 


Chief,  Bureau  of  Medicine  and  Sitfgery,  d/N,  Washington  2 5*  D.C., 
ATTN:  Special  Weapons  Defense  Division 


Chief,  Bureau  of  Ordnance>  D/N,  WashJxgton  25,  D.C. 

Chief  of  Naval  Personnel,  d/N,  Waishington  25,  D, 0.  ATTN:  Pers  C 
Chief,  Bureau  of  Ships,  D/n,  Washington  25,  D.C.  ATTN:  Code  3U8 
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ADDRESSEE  l-.VI  : . IIo.  o?  Cys 

Chief,  Bureau  of  Supplies  & Acco  ants,  I)/N,  Washington  2 D.C.  1 

Chief,  Bureau  of  Yards  i Docks,  d/N,  Washington  2^1,  D.C. 

ATTN;  P-312  '1 

Chief,  Bureau  of  Aeronautics,  D/N,  Washington  2^>,  D.C.  2 

Chief  of  Naval  Research,  Code  219,  R-ii  lt!07.  Bldg  T-3,  Washington 

2^,  D.C.,  ATTN;  RD  Control  Officer  1 

Commander- in-Chief,  US  Pacific  Fleet,  Fleet  Post  Office, 

San  F^ai  cisco,  California  1 

Commander-in-chief,  US  Atlantic  Fleet,  US  Naval  Base,  Norfolk  11,  Va  1 

Coimandant,  United  States  Marine  Corps,  Washington  25,  D.C.  ATTN; CodeA03H  h 

President,  US  Naval  War  College,  Newport,  Rhode  Island  1 

Superintendent,  US  Naval  Postgraduate  School,  Monterey,  Calif  1 

Commanding  Officer,  US  Naval  Schools  Command,  US  Naval  Station 

Treas^ire  Island,  San  Francisco,  Calif  2 

Commanding  Officer,  US  Fleet  Training  Center,  Naval  Base,  Norfolk  11,  Va, 
ATTN;  Special  V/eapons  School  2 


Goananding  Officer,  US  Fleet  Training  Center,  Naval 
San  Diego  36,  Calif,  ATTN;  (SFWP  School) 


O*  o + n r>r> 


Commanding  Officer,  Air  Development  Squadron  5,  VX-5,  US  Naval 
Air  Station,  Moffett  Field,  Calif 

Commanding  Officer,  US  Naval  Damage  Control  Training  Center, 

Naval  Rase,  Philadelphia  12,  Pa.  , ATTN:  ABC  Defense  Course 

Comnanding  Officer,  US  Naval  Unit,  Chemical  Corps  School,  Amy 
Chemical  Training  oenter,  Ft  McClellan,  Ala 

Comnander,  US  Naval  Ordnance  Laboratory,  White  0a_k,  Md,  Silver 
Spring  19,  Md.,  ATTN;  EE 

R 

Commander,  US  Naval  Ordnance  Test  Station,  Inyokern,  China  Lake,  Calif 

Commaunding  Officer,  US  Naval  Medical  Research  Institute,  Nationail 
Navail  Medical  Center,  Betiiesda  lU,  Md. 

Director,  US  Naval  Research  Laboratory,  Washington  25,  D.C. 
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1 


Director,  I':e  Material  Laboratoiy,  Ue\i  York  Naval  Shipyard, 

Brooklyn,  New  York 

Conrianding  Officer,  & Director,  US  Naval  Electronics  Lab., 

San  Diego,  Calif,  ATTN;  Code  U223  1 

Conrianding  Officer,  US  Naval  Radiological  Defense  Laboratory, 

San  FtancLsco  2li,  CAlif.,  ATTN;  Tech.  Info  Div  3 

Coramander , US  Naval  Air  Development  Center,  JohnsviUe,  Pa  1 

Director,  Office  of  Naval  Research  Branch  Office,  1000  Geary  St., 

San  Francisco,  California  2 

Officer-in-Charge,  US  Naval  Clothing  Factory,  US  Naval  Supply  Activities 

New  York,  3rd  Ave.,  & 29th  St.,  Brooklyn  32,  N.Y.  ATTN;  R&D  Div  1 

Goimnandlng  Officer,  Naval  Medical  Field  Research  Laboratory,  Camp  Lejeune,NC  1 
• AIR  FORCE 

Asst  for  Atomic  Energy,  Hqs,  USAF,  Washington  2$,  D.C.  ATTN:  DCS/O  1 

Director  of  Operatidns,  Kqs,  USAF,  Washington  25,  D.C.  ATTN;  Operations 

Analysis  ^ 

Director  of  Plans,  Has,  USAF,  Washington  25,  D.C.  ATTN:  War  Plans  1 

Directorate  of  Requirements,  Hqs,  USAF,  Washington  25,  D.C.  AlTN:  AFI21Q~SA/^  1 


Directorate  of  Research  & Development,  Armament  Division,  DCS/D,  Hqs, 

USAF,  Washington  25,  D.C. 

Directorate  of  Intelligence,  Has,  USAF,  Washington  25,  D.C.  ATTK;APDIN-1B2 

The  Surgeon  General,  Hqs,  USAF,  V/ashington  25,  D.C.  ATTN:  Bio.  Def.  Br., 
Pre,  Med.  Div. 

Ccisaander,  Strategic  Air  Command,  Offutt  AFB,  Omaha  Neb,  ATTN:  Chief 
Operations  Analysis 

Conmander,  Tacticol  Air  Ccsanand,  Langley  AFB,  Va. , ATTN;  Doc  Sec  Br 
Ccwmander,  Air  Defense  Command,  Ent  AFB,  Colorado 

Commander,  Air  Materiel  Command,  WTight-Patterson  AFB,  Dayton,  Ohio, 

ATTNP  HCAIDS 
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1 
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AIR  FORCE 


Oocnander,  Air  Training  Conrnand,  Scott  AFB,  Belleville,  111, 
ATTN I DCS/O  OTP 


Conmander,  Air  Researdi  & Development  Coramand,  PO  Box  1395* 
Baltimore,  Md.,  ATTNi  RDDN 


Cominander,  Air  Proving  Ground  Ooimand,  Eglln  AFB,  ?la.,ATTNt  AG/TRB 
Comander,  Air  University,  Maxwell  AFB,  Alabama 


Coranander,  Plying  Training  Air  Fbrce,  Waco,  Texas,  ATTN:  Dir  of 
Observer  Training 


Connander,  Crew  Tiraining  Air  Force,  Randolph  AFB,  Randolph  Field, 
Texas,  ATTN:  2GTS,  DCS/O 


Coranander,  Headquarters  Tedtinical  Training  Air  Force,  Gulfport*  Miss 
ATTN:  TA  & D 


Coranander,  Air  Fbrce  School  of  Aviation  Medioino,  Randolph  AFB,  Tex 


Coranander,  Wright  Air  Development  Center,  Wrigh^Patterson  AFB, 
Dayton,  Ohio,  ATTN:  WOOESP 


Comander,  AF  Cambridge  Research  Center,  230  Albany  Street, 
Cambridge  39,  Mass.,  ATTN:  Atomic  Warefare  Directorate 


Gomaander,  AF  Special  Weapons  Center,  Kirtland  AFB,  N.M, 
ATTHj  Tech  Library 


Commander,  DSAF  Institute  of  Technology,  Wbight -Patterson  AFB, 
Dayton,  Ohio  ATTN:  Resident  College 


Commander,  L-!wry  AFB,  Denver,  Colo.  ATTN:  Dept  of  Ammaent  Tng. 

OTHHfl  DOD  ACTIVITIES 


Director,  Weapons  Systems  Evaluation  Group,  OSD,  Rs  2E1006,  Pentsigon, 
Washington  25,  D.C. 


United  States  National  Military  Representative,  Headquarters,  SHAPE, 
APO  55*  c/o  m New  Tork,  N.T.  ATTN*  Col,  J.P.  Healy 


Asst.  Secretary  of  Defense  for  Researdt  and  Dev^opment,  DOD, 
Washington  25,  D.c.  ATTN:  Tech  Libraiy 


Conuandant,  Armed  Fbrees  Staff  College,  Norfolk  11,  Va.ATTN:  Secy 


Coananding  General,  Field  Coraaand,  AFSWP,  PO  Box  5100,  Albuc|uerque,N.M.  6 
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ADlBESSgE  OTHER  POD  ACTIVITIES  No.  Of  Cys« 

Chief,  AFST-r,  PO  Pox  2610,  Waah^ton  13,  D.C.  15 

PANEL  OK  THERMAL  RADIATION 

Dr.  H.  C.  Hottel.,  Mass.  Institute  of  Technology,  CsMbridf^e,  Hass.  1 

Dr.  E.  0.  Hulbort,  Director  Naral  Researdi  Laboratory,  Washington  t5fDC  1 

Dr.  H.  E.  Pearse,  Strong  Heaorlal  Hospital,  260  Crittenden  Blrd^, 

University  of  Rochester  7,  N.I.  1 

Dr.  J.  D.  Hardy,  Aviation  Medical  Acceleration  Laboratory,  Naval 

Air  Dev^opioent  Cert  er,  JohnsviUe,  Pa.  1 

OTHERS 

Dr.  E.  7.  Cox,  AppllcKl  Physics 'Div,  Sandia  Corp,  Albuquerque,  N.H.  1 

Dr.  Alvin  C.  Graves,  Los  Alanos  Scientific  Lab.  Box  1663,  Los  Alamos,  N.M.  1 

Director,  Los  Alamos  Scientific  Lab.,  PC  Box  1663,  Los  Alamos,  N.M.  ' 

ATTN  I Reports  Library  1 

Engineering  Research,  Unlversiiy  of  California,  PO  Box  I4O63,  WOstwood 
Village  Station,  Los  Angeles  2U,  Calif,  1 

Dr.  William  T.  Ham  Jr.,  Hedlcal  College  of  Virginia,  Rlcheond,  Va.  1 

California  Tbrest  and  Range  Ebqperimental  Station,  US  Forest  Servlco, 

PO  Box  2h5f  Berkeley,  Calif.  ATTNt  V.L.  Tons,  Div  Fnrest  Fire  Research  1 

Prof.  Q.c.  Williams,  Dept,  of  Cml.  Eng.,  Maas.  Institute  of  Technolo^, 
Cambridge,  Maes.  1 

Hr.  H.  D.  Bruce,  Forest  Products  Lab.,.  No.  Walnut  St.,  Madison  5»  Wise.  1 

Mr.  A. A.  Broun,  Chief,  Fire  Research  Div., Forest  Service,  USDA, 

Washington  25,  D.C.  1 

Technical  Operations  Inc.,  6 Schouler  Court,  Arlington  7U,  Mass., 

ATTNt  Dr.  Roderick  C.  Henrlques.  1 
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